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Abstract 

We study the implication of the recent AMg measurement on 6 — sqq transitions. 
We show that it is possible, in the presence of a flavour symmetry, that the phase in 
Bg mixing may be unobservable even with new CP odd phases in 6 — > s transitions. 
These phases may then produce new CP odd effects in certain b — sqq transitions 
like B Ktt but not in others like Bd (pKg. Working in a two higgs doublet 
model of new physics we discuss the allowed NP contribution to B ^ Kir and 
Bd (pKg decays with the new AM^ measurement. 
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1 Introduction 



The Bg — Bg mass difference, recently measured by the D0 [1] and CDF [2] collab- 
orations , is given by, 

17 ps"^ < AM, < 21ps~^ (90% CL, D0) , 
AM, = (17.33;°:^2 ^ Q_Q7) pg-i ^cj3p). 

This result is consistent with the SM predictions, which are estimated as 21.3 ± 
2.6 ps-i by the UTfit group [3] and 20.91^^ ps"^ 21.7ll| ps"^ by the CKMfitter 
group [4] . The implication of this measurement have been studied in several recent 
papers [5, 6, 7]. Given the hadronic uncertainties in the SM prediction, along with 
additional uncertainties when NP is included, the present measurement of AM, does 
not provide a strong constraint on NP[6, 7]. 

A measurement of a large phase in Bg mixing will be a definite signal of NP as the 
SM prediction for this phase is 1.045lo;o57 degrees [8] and is tiny. NP phases should 
then also appear in AB = 1, 6 — > = u,d,s) hadronic transitions. However a 

measurement of no significant NP phase in Bg mixing will not necessarily rule out 
new NP weak phases in 6 — > sqq transitions. In fact Ref. [9] finds that combining 
the measurements of the mass difference AM, and that of the semileptonic CP 
asymmetry one can constrain the Bg mixing to be small. In this paper we show 
that one can construct a flavour symmetry that causes new CP odd phase, from the 
b ^ s vertex, in Bg mixing to be unobservable but allows new CP odd effects in 
AB = 1, 6 — > sqq transitions. 

There is now a lot of data on rare FCNC hadronic decays from various exper- 
iments. The data, specially involving b sqq transitions, have been somewhat 
difficult to understand within the standard model(SM). First, within the SM, the 
measurement of the CP phase sin 2/5 in B^{t) — > J/ipKg should be approximately 
equal to that in decays dominated by the quark-level penguin transition b — > sqq 
{q = u,d,s) like Bj{t) (pK^, B^{t) rj'Ks, B^t) n^K^, etc. However, there 
is a difference between the measurements of sin 2/3 in the 6 — > s penguin dominated 
modes (sin 2/3 = 0.50 ± 0.06) and that in B%t) J/ijKs{sm2f3 = 0.685 ± 0.032) 
[10, 11, 12]. Note that the sin 2/? number for the b ^ s penguin dominated modes 
is the average of several modes. The effect of new physics can be different for differ- 
ent final hadronic states and so the individual sin 2/? measurements for the different 
modes are important. Second, the latest data on B ^ nK decays (branching ra- 
tios and various CP asymmetries) appear to be inconsistent with the SM [13, 14]. 
^ Third, within the SM, one expects no triple-product asymmetries in S — > (f)K* 
[16], but BaBar has measured such an effect at 1.7a level [17]. There are also 
polarization anomalies where the decays B^ (f)K* and B~ — > p~K* appear to 

cleaner test of the SM could bo provided by looking at the quasi-exclusive decays B — > KX 
[15] rather than the exclusive B Kn decays. 
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have large transverse polarization amplitudes in conflict with naive SM expecta- 
tions [12, 18, 19, 20, 21]. While these deviations certainly do not unambiguously 
signal new physics(NP), they give reason to speculate about NP explanations of the 
experimental data. Hence, it is interesting to study the implication of the measure- 
ment of AMs for b sqq transitions. For instance, one could check if the NP fits to 
the B Ktt decays presented in Ref. [14] arc consistent with AMs measurements. 

The paper is organized in the following manner: In the next section we study 
NP phases in mixing and a flavour symmetry under which the new phase in Bg 
mixing remains hidden even with NP with non trivial weak phases. We then discuss 
how these new weak phases affect hadronic b sqq transitions. In the following 
section we present details of a two higgs model already presented in Ref. [22] to 
demonstrate explicitly some of the general ideas of sec. 2 and to quantitatively study 
the imphcation of AMj measurements for B — > Kn and B^ — > (f)Ks decays. Finally 
in sec.4 we present our conclusions. 



2 Phase of Bs Mixing 

The mass difference AM^^^ is calculated in the standard model from the B^-B^ 
box diagram, dominated by i-quark exchange: 

Ml, = ^M^MB^{flBB^)fiBMf2{yt)\V*Vt,\^ 
AMf^ = \Mt,\, (2) 

where yt = m'l/M'y^r, and the function /2 is the Inami-Lim function [23]. fjB^ is the 
QCD correction and Jb^Bb^ represents the hadronization of the Bg mixing operator 
in the SM. 

New physics can generate operators of the type 

HrP='-T.Y2^^misT,b), (3) 

that will contribute to AMg. Here A is the scale of new physics and c^- are the 
strength of the operators. If the scale of NP is around a TeV the size Cij must 
be ~ \Vts\'^ to produce effects that can be of the same size as the experimental 
measurements [5, 6, 7]. Experimental information on AMs can constrain the but 
this process is complicated by the fact that there can be more than one operator in 
Eq. 3 and the fact that the different NP operators can hadronizc differently than 
the SM operator. Assuming for the sake of simplification that only two operators 
contribute in Eq. 3, we can write 

j^s,NP _ < Bs\H^^=^\B'^ > 



'12 — 



Mp 
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AM, = AMf^ 



1 + nrjie^'f" + r2me''^' , (4) 



where ri and r2 represent the different hadronization of the NP operators relative 
to the SM operators. The quantities 771,2 may be related to Qj in Eq. 3 in a specific 
model of NP. One may combine to write the NP amplitudes as a single complex 
number as 



AM, = AM: 



SM 



1 + 77e" 



rje''^ = nrjie''^' +r2me"^', (5) 

where the relation between 1] and the size of the NP operators is complicated by 
SM uncertainties, QCD effects of NP operators and more than one NP amplitude. 
As indicated in the introduction the measurement of the phase in Bg mixing is a 
good place to look for NP. Prom the general structure of Eq. 5 it is trivially true 
that if 01,2 = then there is no new NP weak phase in Bs mixing. However, even 
with 01,2 7^ it is possible that the effective phase in Eq. 5 vanishes. This may 
be due to accidental cancellation or flavour symmetries where the NP contributions 
may conspire to produce a small or no effective phase even though 0i and 02 may 
be large. 

In this section we study a flavour symmetry under which the new phase in B, 
mixing remain hidden even with NP with nontrivial weak phases. We then study 
the implications for such a scenario for b — > sqq transitions. 

The condition that the effective phase = 0, tt in Eq. 5 is 

Mi^f^ = M^f^*^ 
< B,\H^^='\W, > = <W,\{H^ry\Bs>. (6) 

Since CP\Bs >~ \B^ > the condition in Eq. 6 is satisfied with the requirement 

{H^r')cp = (i^^r')^ (r) 

where (H^p^^)cp is just the CP transformed H^p^"^. However it is easy to see, 
and is well known, that the requirement in Eq. 7 just leads to the trivial possibility 
that all weak phases 0i,2 in Eq. 4(Eq. 5) vanish. We will demonstrate this with 
two models of NP that we call vector-axial vector model (V/A) and the scalar- 
pseudoscalar model(S/P). We write the general NP lagrangian as 

HnP^ — Cll,aOll,A + ClrOlr,A + CrL,aOrl + Crr^aOrr^a, 

Oll,a = s7a(1 - 75)&S7'^(1 - 75)^ 

Olr,a = s7a(1 - 75)&S7'^(1 + ^5)b, 

Orl,a = s7a(1 + 75)fcs7'^(l - 75)^', 

Orr,a = s7a(1 + 75)&S7'^(1 + 75)&, (8) 
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where A = S,V and 7^ = 1 
checks that {Ox,y)cp = 



X.Y 



7^^ for the S/P and V/A NP models. Now one easily 
where X,Y = L, R for the operators in Eq. 8 for both 



V/A and S/P models of NP. The condition in Eq. 7 then leads to the fact that the 
coefficients Cx,y in Eq. 8 are real and we get the trivial scenario that all NP weak 
phases in H^p^'^ vanish. 

However we show that the condition in Eq. 6 can also be satisfied with a flavour 
symmetry. Let us now define a fiavour transformation, T, such that 



T\s > 
T\b > 



\b>, 
\s > 



(9) 



This is nothing but the s — b interchange transformation discussed in Ref [22] which 
is the quark equivalent of the fj, — t interchange symmetry used in the study of 
neutrino mixing [24, 25]. From Eq. 9 we obtain 



TH 



AB=2 
NP 



A2 



= Exi(^r..)(6r,.), 



(10) 



where = 1. 

Hence to recover the condition in Eq. 6 we demand that invariance of H^p""^ 
under the s — b flavour symmetry implies 



TH 



AB=2 
NP 



Y.f,ms){br,s) 



(11) 



Now writing 7or|^-7o = iPj/j' the relation in Eq. 11 then translates, in general, to 

(12) 



— ^Ci'jr 



For the particular case of the V/A model of NP = 7^(1 ± 75) and we have 
7oF|^-7o = Fjj leading to c*j — Cij and so the coefficient of each individual operator 
in L^py is real. This is easy to understand as in this case invariance under s — b 
fiavour symmetry is the same as requiring invariance under CP. It is possible to 
impose a weaker requirement for s — b symmetry as 



This then leads to, using Eq. 8, 



{Hrp^y\Bs 



> . 



(13) 



+ ^rr,vOrr,v\Bs > ■ 



(14) 



Now as< B2\0^ 



LLy 



R > = < BOI^t 



RRy 



LR.V 



R > = < 5010 



t 

RL,V 



B., > 



using parity transformation, we see that Eq. 13 is also satisfied with the non trivial 
solution 



C 



LLy 



C 



LRy 



CuLy- 



(15) 



For the S/P models s — b symmetry of the lagrangian is possible with complex 
coefficients in the lagrangian and here the relation in Eq. 12 can be written as, 



C 



LL,S 



c 



RR,S: 



^LR,S - CrL,S- 



(16) 



Hence H^p^ has the form, using Eq. 15 and Eq. 16 in Eq. 8, 



H 



AB=2 
NP,A 



— \a\ 



e-^'^OLL,A + e^'^ORR,A] + \h\ \e-^''^OLR,A + e^^^^O^L J . (17) 



We now ask the question if the phases and if) in Eq. 17 can produce CP odd effects 
in 6 — > sqq transitions. To answer this question we consider models of NP where 
the new interaction arises at tree level from the exchange of a heavy field. 

Assuming that H^p^ in Eq. 8 arises after integrating a heavy field then we can 
write 



ttAB=2 

J^NP,A ~ 



= [q;s7a(1 - 75)^ + /3s7a(1 + 75)^] , 



(18) 



Jsb,A 

where A = S,V and 7"^ = 1, 7^^ for the S/P and V/A NP models. The requirements 
from Eq. 15 and Eq. 16 then allow us to write 



J. 



sb.A 



\a\ 



e'^s7A(l + 75)?^ ± e-*^^7A(l - 75)?^ 



(19) 



The relative sign between the terms in Eq. 19 would correspond to a scalar or a 
pseudoscalar exchange in the S/P model of new physics. We will study such a 
model in details in the next section. 
We can now write Eq. 18 as 



H 



AB=2 
NP,A 



\a\ 



-^''^Oll,a ± Olr,a ± Orl,a + e^"^ORR,A 



(20) 



Even though the phase in H^p"^ is not observable in Bg mixing its effect may 
be observed in Ai? = 1, 6 — sqq transitions. We can write the effective Hamiltonian 
that generates the h sqq transition as 



AB=1 
eff 

Jsb,A 



sb'^qqj 



e"^s^A{l + 75)& ± e-"^s^A{l - l^)h 



J. 



qg,A 



cr57^(1 + 75)? ± c^g7^(l - 75)? 



(21) 
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Here c^^/j are in general complex. We will first consider the case cl = cr = c as 
this relation is satisfied in the model to be considered in the next section. Writing 
c = |c|e*'^'= we can rewrite i^e// as 



ttAB=1 
^eff 

Hll,a 

Hrl,A 

Hlr,a 
Hrra 



\Oi\\C\ 



lRR,A + e-"^+HLL,A±e' 

= s7a(1 - 75)657^(1 - 75)?, 

= s7a(1 + 75)657^(1 - 75)?, 

= s7a(1 - 75)697^(1 + 75)?, 

= s7a(1 + 75)feg7'^(l + 75)?, 



HRL±e 



H 



LR 



(22) 



where (j)± = (f) ± (pc- 

To demonstrate our point we can use factorization to calculate nonleptonic de- 
cays. Let us consider the decay K^n^ and using the currents associated with 
the relative negative sign in Jsb,qq, we can write 



< K-7r"\Heff\B- > 



\a\\c\ < K-\e"^s-fAii + l5)b-e-"^s-fA{i-l5)b\B~ > 
< 7r°|e''^= ^7^(1 + 75)d - e'^'^'^d^^il - 75)d|0 >, 



~ 4|Q;||c|e*''''^sin0cos0c < -f^ \sjAb\B > 



(23) 



We observe that an effective weak phase of 7r/2 appears in the B — > Ktt amplitude 
but this phase is unobservable if = 0. The effective weak phase may change due 

to non factorizable effects but the essential point here is that the weak phase can 
produce CP odd effects in nonleptonic B decays while its effect is hidden in Bg 
mixing. For the case of relative positive sign in Jsb,qq the ampUtude ~ sin cp^ cos (p. 
Note that if a weak phase is only associated with flavour changing s — b vertex then 
(f)c — and there are no CP odd effects. 

We can now look at the decay B^ ipKg. For this decay we have to fierz the 
operators in Eq. 22 for the S/P model and we can define the Fierzed operators, 



H 



1 



LL,S 



^LR,S 



2N, 



■g(l- 75)65(1 -75)9 



8N, 



H 



RL,S 



H 



RR.S 



2N, 



2N, 



2N, 



■97m(1 - 75)&S7''(1 + 75)?, 

■?7/x(l + 75)^'S7''(l-75)g, 

1 

■5(1 + 75)65(1 + 75)5 



■ga^.(l + 75)te(T'^"(l + 75)g, (24) 



where q = s and we have done also a color Fierz and dropped octet operators that 
do not contribute in factorization. 
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We can therefore write, 



MB', 



<t>Ks) 



ASM , aNP , aNP 

^ ^±LR±RL ^ ^ 



LL+RR-i 



4 + 4 + 4 - -4 - -4 - -( 



10 



—an 
2 ^ 



1 

—a, 
2 
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1 

—a 
2 
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aNP 
■^±LR±RL 



^LL+RR 



± < Ks\sj^b\B >< 
± < Ks\s-f^b\B >< 



|s7^s|0 > 



1 57^*510 > COS( 



z = 



< Ks\s(T^^b\B >< 0|sa^^s|O > 

< Ks\sa^i,b\B >< (j)\sa' 
2f^m^FBK{ml)e* ■ Pb, 



slO > cos( 



(25) 



where the SM contribution can be found in Ref. [26]. We therefore see that there 
are no new CP phases in A[B, — > (pKg). For the V/A models also it is easy to check 
that there are no NP phase in 5° (pKg. This follows simply from the fact that 
only vector currents contribute to this decay and hence the matrix element of all the 
operators in i?^/"^ are equal. Exphcitly, consider the decay B^ — > (pKg and using 
the currents associated with the relative negative sign in Jsb,qq, we can write 



< <l>K,\H,ff\B', > 



\a\\c\ < Ks\e"^sjfj,b 



< <P\e 
Ala 



"s'y^s — e 



c\e'^''^ sin M'^'^sin 



< K-\s-iAb\B- 



> 



< 7r°|rf7%rf|0 >, 
4|q;||c|(— 1) sin( 



> sin 0c < K 



\s-fAb\B > 



(26) 



This demonstrates that there are no new CP phases in A{B^ (t>Ks). 

We now consider the case where cl 7^ cr in Eq. 21. For the case when cl,r are 
real there is a new weak phase of 7r/2 in B~ — > K~t^^ for both the V/A and the S/P 
models. For the decay B^ — > (pKg a new weak phase of 7r/2 arises in V/A models 
while for the S/P models the phase in this decay depends on the size of Cl^r. Moving 
on to the most general case with complex Cl^r the new weak phase in B~ — > i^~7r° 
and B^ (f)Ks will depend on the phase in the 6 — > s vertex as well as on the phases 
in cl,r. 

In the next section we will study a two higgs doublet model as an example of a 
NP model with s — b interchange flavour symmetry. 
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3 A Specific NP Model 



In Ref [22] we presented a two Higgs doublet model which has a 2-3 interchange 
flavour symmetry in the down quark sector like the fi — r interchange symmetry in 
the leptonic sector. The 2-3 symmetry is assumed in the gauge basis where the mass 
matrix has off diagonal terms and is fully 2-3 symmetric. Diagonalizing the mass 
matrix splits the masses of s and h or ^ and r and leads to vanishing ms{m^). The 
breaking of the 2-3 symmetry is then introduced though the strange quark mass 
in the quark sector and the muon mass in the leptonic sector. The breaking of 
the 2-3 symmetry leads to flavor changing neutral currents (FCNC) in the quark 
sector and the charged lepton sector that are suppressed by ^ and ^ in addition 
to the mass of the Higgs boson of the second Higgs doublet. Additional FCNC 
effects of similar size can be generated from the breaking of the s — h symmetry in 
the Yukawa coupling of the second Higgs doublet. A full discussion of the model is 
given in Ref [22] and we will repeat some of the discussions here for completeness. 
We consider a Lagrangian of the form, 

= Y^. Qi,L^iUj,R + Y^Q,,Lcl>iDj,R + Sf^Qi,L4>2Uj,R + S^^Q,,l'I>2Dj,r + h.c, (27) 

where (pi, for i — 1,2, are the two scalar doublets of a 2HDM, while Y^'^ and S^j'^ 
are the non-diagonal matrices of the Yukawa couplings. After diagonalizing the Y 
matrix one can have FCNC couplings associated with the S matrix. 

For convenience we express 4>i and 02 in a suitable basis such that only the yJ^'^ 
couplings generate the fermion masses. In such a basis one can write, 

= ( v/U ) • = ° ■ 

The two Higgs doublets in this case are of the form, 

1 / V2H^ 



In principle there can be mixing among the neutral Higgs but here we neglect 
such mixing. We assume the doublet 0i corresponds to the scalar doublet of the SM 
and to the SM Higgs flcld. In addition, we assume that the second Higgs doublet 
does not couple to the up- type quarks(5'^ = 0). For the down type couplings in 
Eq. 27 we have, 

^? = yi'Qi,L<PiDj,R + S^^Qi,L<p2Dj,R + h.c. (30) 
We assume the following symmetries for the matrices Y^ and S^: 
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• There is a discrete symmetry under which dL,R — > —dL,R 

• There is a s — 6 interchange symmetry: s b 

The discrete symmetry involving the down quark is enforced to prevent s — > 
transition because of constraints from the kaon system. It also prevents h ^ d 
transitions since mixing as well as the value of sin 2j3 measured in B^{t) J/ipRg 
are consistent with SM predictions. Although there may still be room for NP in 
h ^ d transitions, almost all deviations from the SM have been reported only in 
h ^ s transitions and so we assume no NP in 6 — > d transitions in this work. 

The above symmetries then give the following structure for the Yukawa matrices, 





( yn 





\ 







y22 


y23 




I 


1/23 


1/22/ 




( Su 







= 





S22 


S23 






S23 


S22 / 


matrix, M 


^ is 


now } 


2;iven 



tD 



(31) 



The matrix 



" - V2' 

is symmetric and choosing the elements in Y^ to be real the mass matrix is 
diagonalized by. 



u 





1 

V2 
1 

V2 





V 

\ 

1 

V2 





^(^22-^23) 












^(^22 + ^23) / 



(32) 



It is clear that the matrix U will also diagonalize the matrix when we transform 
the quarks from the gauge to the mass eigenstate via dL,R UdL,R- Hence there 
are no FCNC effects involving the Higgs 02- 
The down quark masses are given by, 

J- ^ 



= ±^(z/22 -^23), 
rrib = ±;^(z/22 + ^23)- 



(33) 



Since rris « nib there has to be a fine tuned cancellation between 1/22 and j/23 to 
produce the strange quark mass. Hence, it is more natural to consider the symmetry 
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limit 1/22 = y2?> which leads to = 0. We then introduce the strange quark mass 
as a small breaking of the s — h symmetry and consider the structure, 





7/22(1 + 22;) 1/22 
y22 y22 



(34) 



with z ~ 2ms/ mi, being a small number. Note that we do not break the s — h 
symmetry in the 2 — 3 element so that the matrix remains symmetric. This 
down quark matrix is now diagonalized by, 



ML, 



w = 




(I 


Vo 








±^(2 + ^)^22^ 



(35) 



^(1 + H 73(1 -H. 

In Eq. 35 we have dropped terms of 0{z^). The down quark masses are now taken 
to be. 



rrid = 


^2 


ms = 






V2 



^y22, 



/22- 



(36) 



We find z ^ ±2ms/m5 and now the transformation to the mass eigenstate will 
generate FCNC effects involving </)2 which is proportional to 2 ~ 2ms /mi, ~ 
where A is the cosine of the Cabibbo angle. For definiteness we will choose the 
positive sign for z though both signs are allowed. At this point we can consider 
two scenarios: the first corresponds to the situation where the matrix is still 
s — h symmetric. This will result in H^p^"^ with s — b symmetry and hence no 
observable phase in Bs mixing. In the second case we will allow for small breaking 
of the s — b symmetry in in Eq. 31. This will then result in H^p^"^ with broken 
s — b symmetry and hence an observable phase in Bs mixing. 

For the first case, in the mass eigenstate basis has the form. 























(37) 



where 
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She 



^Vbb 



se 



i<Psb 



[S22 - S23), 

(S22 + S23), 
S23- 



(38) 



It is clear that S^' above, is symmetric under s — b interchange. 

The Hamiltonian describing the interaction of the Higgs, if^'^, is given by, 



Sshsil + i^)h + Sbsh{l + 75)^1 + h.c, 



(39) 



The relevant currents, are. 



'qq 



1 
1 

V2 



Sqqq{'^ + 75)5 ± S* q{l - 75)g 



(40) 



where the ± sign correspond to scalar or pseudoscalar interactions. Using Eq. (37) 
we have. 



S 



sb{hs) 



Jqq 



(41) 
(42) 



where q = d,s. After integrating out the heavy Higgs bosons, iJ^'^, which we 
shall henceforth rename S and P bosons, we can generate the following effective 
Hamiltonian for AB = 2 and AB = 1 processes. 



H 



AB=2 
NP 



1 



2m|(P) 



2 2 
z s 



±e'^'^^''ORR ± e-'^f^'OLL + Orl + Olr 



(43) 



where Oab are defined in Eq. 8 with 7^ = 1 and 

Gf sSa 



ttAB=1 
^eff 



\/2 9^ m\p) 
+e'^-HRL + e-''^-HLR 



±e''t'+HRR±e-''^+H 



LL 



(44) 



where 0± = 4>sb i Hah are defined in Eq. 22 with 7^ = 1 and the ± sign is for 5" 
and P exchange interactions. Note that H^p^'^ has the same structure as in Eq. 20 
and is symmetric under s — b interchange. 
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The expression for Mi2^^, obtained using the vacuum insertion approximation, 
is given as 



1 



'12 



2 2 
Z S 



A = 



Ml 



10 2' 

(4:FCOs2(/.,,,y)/l + - 



/I. Mb., 



(45) 



Here we assume that cither the S ot P interactions dominate and further we allow 
for a relative phase factor of ±1 between M^^^ and M'lf^^ Following Rcf. [7] we 
will take the SM prediction for AMf to be AMf = 23.4ps"^ which then leads to 
jl + r^l = 0.74(see Eq. 5) allowing for values of |?7mm| — 0.26 and \rimax\ ~ 1-74. These 
values can be converted to values for 0.1 and s^ax ~ 0.25 from Eq. 45 where 

we have chosen (psb = 7r/2 for the pscudoscalar exchange interactions. This choice of 
(psb leads to the largest value for s. For our calculations we choose = 100 MeV, 
nib = 4.8 GeV, Jb^ = 250MeV and uih = ITeV. The choice for the higgs mass, 
niH, is based on the fact that one expects new physics around ~TeV to stabilize the 
standard model higgs mass. We assume that the same new physics needed for the 
higgs mass stabilization is also responsible for new FCNC effects in B decays. 

Let us now calculate the NP contribution to — > K'tt'^. In 5 — > nK decays, 
there are four classes of NP operators, differing in their color structure: SaTiba Qp^jQfs 
and Sa^ihpqpVjqa {q — u,d). The matrix elements of these operators are then 
combined into single NP amplitudes, denoted by A'''^e^^'i and ^"^'^6**9^ respectively 
with q^u,d [14, 27]. We have 



< K-Tr'^lH^ff^lB- > 



Xs 

Add 



I, comb I gi'J' 



2ms ssd Tn 



Gf 

4^-^XsAdd [±2i sin 0+ - 2i sin c 

m/2 / cos sin (j)dd H = S , 
- sin (j)sb cos (j)dd H = P , 



w 



rUb m|(p) 



< K-\sb\B- >< 7i^\d-f5d\Q > 



(46) 



Here y4^'^°'^''|e^*' 



A'' e d. In the case of scalar exchange the CP odd 
effect in the amplitude is due to the phase (pdd while in the case of the pscudoscalar 
exchange the CP odd effect comes from the phase (pgb which also appears in Bg 
mixing. Hence we will consider the pscudoscalar exchange only for our quantitative 
analysis. 

We first note that we can choose, in Eq. 46, the phase $' = 90° which is then 
consistent with a fit to the B Kn data found in Rcf. [14] which found $' 100*^ 
and |^''Co»n-by/2^'| = x.64 where T' is the SM tree amplitude. Here we will attempt to 
see if this value for the ratio \A'''^^/T'\ is consistent with the AMg measurements. 
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For the pseudoscalar exchange model we can write for the ratio \J\!^'''"^^ /T'\ , using 
naive factorization[21], 



16 sin (psb cos (t)ddXsAid 



(ci + C2/Nc)V:^V^s (7rO| 67m(1 - ^> 1^") {K-\ur{l - Ts)^ |0) 

(47) 

where Ci^2 are the Wilson's coefficients of the SM effective Hamiltonian. We can 
rewrite the above expression as, 



M 



Wetake(/jA)(FoVFo^ 



16 sin (psb cos (f)ddXs\ M, 

[(m| - m|)/(m, - m,)]Fo^K/2mrf)/Jv^ 



m 



.2)FoVV2(ci + f)|V;*,K.| 



(48) 



1, 



lK*6Ks/V^t6^ts| = 1/48 and Ci + c^/N, = 1.018. Now 



using the values of s obtained from mixing we obtain the maximum possible 
values |^'-co™yT'| (0.47, 1.2)srf(6Me1//md). Assuming - 1 in Eq. 46, we 
find the lesser value for ^ smaUer than the fit value in Ref. [14] of 

1.64. One could increase \A!''^°'^^ /T'\ by choosing Sd large enough, Sd ~ 3, which 
would indicate a strongly coupled theory. The second, larger value for |^''™™'^/T'| 
is in better agreement with the fit in Ref. [14]. One could also increase |^'.com-f'^2"'| 
by lowering which can be taken to be in the range 4-8 MeV [28]. Hence the 
predictions for the size of NP m. B ^ Kn decays does not rule out the scenario that 
there is no new phase in Bg mixing. However a measurement of a new weak phase 
in Bd — > (pKg would indicate new phase in Bg mixing in this model. 

To introduce a phase in Bg mixing we have to break the s — b interchange flavour 
symmetry. This can be done by allowing 5"^ in Eq. 31 to break the s — b interchange 
symmetry. We choose. 



( Sii 



V 





•523 





S23(l + 2e) 

522(1 + 25) 



(49) 



with e, 5 being small quantities of the same size or smaller than z. The transforma- 
tion to the mass eigenstate leads to the general parametrization. 



Sde 



i<t>dd 











s 



D 



s 



D' 








SgC 



i4>s 



zse 



i<t>sb 



zse 



+ epe 



She 



epe 



i'tpsb 



(50) 
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where 









— (^22 ~ 523 + 8228) + 822^^ — 5236, 




— ('^22 + '^23 + •522'^) ~ 822^^ + 5236, 

5 




= S22- + S23, 

z 

= S23- 





There is now an additional FCNC involving h ^ s transitions whose source is the s—h 
symmetry breaking in . Note that the 2-3 off-diagonal elements in contain 
a part that is symmetric under s — h interchange and a part that is antisymmetric 
under the 8 — h interchange. The parameters in 5"^ can be obtained or constrained 
from a fit to S decay data. A phase in Bg mixing arises from the interference of the 
the s — h symmetric and the s — h antisymmetric piece. 

The structure in Eq. 50 is rather complicated and for the illustration of how a 
new phase in Bs mixing may arise we can reduce the parameters in the model to 
simplify the discussion. Hence, we will assume 5 — Q which leads to (f)sh — i^sb, 8 — p 
and calling S23 = s we obtain, 



s 



D' 



SsC 

\ s{z + e)e 



i4>s 



/r\p''-'Psb 



s[z — e]e 



l<Psb 



She 



i<l>bb 



(52) 



The relevant currents, Jy are. 



jSiP) 
jS{P) 



1 

71' 
1 

71 



z - e)e"^=''s(l + 75)6 ±iz + €)e-"^'^''s{l - 75)6 



i<Psb a( 



(53) 



where the ± sign correspond to scalar or pseudoscalar interactions. The Bg mixing 
is now generated by. 



H 



AB=2 
NP 



1 



2m|(P) 



2 2 

Z 8 



±(1 _ £)2e^20-O^« ± (1 + i)2e-2<^-0^^ + (1 - '-^){Orl + Olr) 



(54) 



Now we can try two approximations. One with ^ small and one with e ~ The 
possibility e >> 2; is ruled out by the B — > Kt: data as it does not produce a new 
weak phase [22]. For - small, we get keeping only terms linear in -, 



H 



AB=2 
NP 
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2 2 

Z S 



z 



We can now write M^^^^ as, 



(55) 
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2 2 

-2; s 



m 



S(P) 



5 2 5 e 

^1 ^ -cos2(psb)A + — ±i--sm2(j)sbA 
D iz o 2; 



{nib + rusf 



(56) 



So we see that there is an observable phase in Bg mixing which is proportional to ^ 
and is given by. 



sin (j)B, = 



ImM 



,NP 



12 



I Ml 



12 I 



If sin 20,6 A 



1 T I cos 20,6) A + 



2_ ■ 
12 



(57) 



We now study the predictions for b — > sqq transitions. To simplify the discussion 
we will choose Sqq to be real and so any new phase in 6 — > sqq is due to the weak 
phase in Jgb- It is also clear that only the pseudoscalar exchange contribute to 
B~ K~t:^. One can check that there will be a new weak phase in (pKg 
proportional to f while the weak phase in B~ K~7r^ will deviate from 7r/2 by an 
amount proportional to f . 

For e — z, The relevant currents, Jij are now given by. 



J^P = ±—sze-"l'^>'s{l-^,)b, 

= ^Sq[q{l + j,)q±q{l-j,)q], 



(58) 



Sq to be real. It is now clear that H^p 



where again we have chosen S, 
an observable phase which can be large and large NP phase can appear in B^ 
and B~ — > K~7r^. It is easy to check that the phase in B~ K~t[^ and B^ 



Jsb has 
<t>Ks 



is half the phase in Bs mixing and hence if the Bs mixing is observed to be small 
it would indicate a small new weak phase in B~ — > K~t:^ and in B^ — > 4>Ks in 
contrast to the case considered above. In passing we note that if (psb = tt then a NP 
phase of 7r/2 can appear in B~ ^ K~t:^ but a phase will also appear in the decay 
B^ — * (pKg in contrast to the s — h symmetric case considered above. 

To STimmarize, if the Bg mixing phase is observed to be small and is due to the 
small breaking of the s — h interchange symmetry then one should observe a large 
new CP odd phase, close to 7r/2, in the decay B~ — > K~t:^ and a small new CP odd 
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phase in — » (f)Ks. On the other hand if the Bg mixing is small due to small NP 
phase in the b ^ s current then we should observe a small NP phase in the decay 
B- K-t:^ and in 5)] ^ (j)Ks. 

4 Conclusions 

In summary, in this paper we have studied the implication of the AM^ measurement 
on 6 — sqq transitions. We pointed out that in a fairly general class of NP the new 
physics phase of Bg mixing may be unobservable if there is a s — 6 interchange 
flavour symmetry even in the presence of new CP odd phase in the 6 — > s transition. 
This phase can however appear in certain h sqq transitions like B —>■ Kti decays 
but not in others like the 5° — * (j)Ks decay. Working within a two higgs doublet 
model we calculated the allowed NP contribution to B ^ Ktt decays with the new 
AMg measurement. We also showed that if the NP weak phase is only in the 6 — > s 
current and a small observed Bg mixing phase is due to the small breaking of the 
s — b interchange symmetry then one should observe a large new CP odd phase, close 
to 7r/2, in the decay B~ K~tt^ but a small CP odd phase in B^ (pKg. On the 
other hand a small Bg mixing phase and a small NP phase in the decays B~ — > K~7r^ 
and B^ (pKg would indicate the absence of the s — b flavour symmetry. 
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